During the assembly of major histocompatibility complex (MHC) class I molecules transient associations are formed with the endoplasmic reticulum resident chaperones calnexin and calreticulin, ERp57 oxidoreductase, and also with tapasin, the latter mediating binding of the class I molecules to the transporter associated with antigen processing (TAP). We report here the isolation of a cDNA encoding rat tapasin from a DA (RT1 av1 ) library. The cDNA encodes a proline-rich (11.3%) polypeptide of 464 residues with a potential ER-retention KK motif at its COOH-terminus, and a predicted molecular mass of 48 kDa. Matrix-assisted laser-desorption ionisation (MALDI) mass spectrometry of peptides derived from in-gel tryptic digestion of a TAP-associated protein match regions of the predicted translation product. A species of the correct molecular mass and predicted pI was also identified in association with radiolabelled immunoprecipitates of the rat TAP complex analysed by two-dimensional gel electrophoresis. This confirms rat tapasin as a component of the rat MHC class I assembly complex. Genes and Immunity (2001) 2, 48-51.
Introduction
The assembly of major histocompatibility complex (MHC) class I molecules occurs in the endoplasmic reticulum (ER) and is facilitated by a series of ER-resident chaperones including calnexin, calreticulin, ERp57 oxidoreductase and tapasin. 1, 2 This results in a peptide-free MHC class I/chaperone complex which can bind to the transporter associated with antigen processing (TAP), awaiting delivery of appropriate peptides from the cytosol. Tapasin, the gene for which, TAPBP, lies near the centromeric extreme of the MHC as defined in human, mouse and rat, 3 appears to play a critical role in this assembly pathway. In TAP-negative cells MHC class I molecules associate with chaperones and tapasin, but fail to complete assembly on account of a lack of TAP-supplied peptides. In the absence of tapasin, in the mutant .220 cell line, MHC class I molecules fail to associate with TAP and do not load peptides as efficiently as in wildtype cells. 4, 5 Similarly, tapasin −/− mice assemble and export class I molecules from the ER which are unstable at 37°C, indicating the absence of stable peptide binding. 6 TAP has been well characterised in the rat, [7] [8] [9] [10] and recently the involvement of rat calnexin, calreticulin and ERp57 has been demonstrated in MHC class I assembly. 11 We report here a further step in the characterisation of the rat MHC with the cloning of a cDNA encoding rat tapasin, and, using its predicted translation product in combination with mass spectral fingerprinting of SDS-PAGE purified proteins, demonstrate its presence as part of the rat TAP complex.
Results and Discussion
When probed with the mouse IMAGE clone (see legend to Figure 1 ) a small insert rat cDNA library yielded three positive signals in ca. 5 × 10 5 plaques whereas a 1.3-4.4 kb insert library yielded 98 positives in a similarly-sized screen. Primary plugs were subjected to PCR using gt10 forward and reverse primers. The PCR products were retested by Southern blotting with the mouse probe used for the library screen, the eight clones giving the longest PCR products (ca. 1.6 kb) were plaque-purified and four of these sequenced. The sequence obtained, containing a 1395 nucleotide open reading frame, has been submitted to the database (accession number AJ400732). Figure 1 provides an alignment of the predicted tapasin amino acid sequence for Rattus norvegicus with those from mouse and human. Relative to the human there are two additional amino acids in the rat sequence, one in the putative signal sequence and the other an asparagine at residue 225. The rat sequence shows 89% similarity with mouse and 79% with human. The pair of cysteines at residues 296 and 363, within a putative IgC1-SET domain first identified in the human tapasin sequence 4 are present, again at a spacing of 67 residues. Two further conserved cysteines are located at positions 7 (exon 2) and 71 (exon 3) but do not form part of a conventional Ig feature, given the close proximity of Cys7 to the amino- Figure 1 Alignment of predicted amino acid sequences of tapasin from rat (accession no. AJ400732), human (accession no. AF009510) and mouse (accession no. AF106278) and assignment of tryptic peptides. Residues are numbered from the amino-terminus of the mature polypeptide established for human. 4 Exons determined from human 3 and mouse (accession no. AF110520) genomic sequences are indicated by Ͼ Ͻ. Note the longer seventh exon in the two rodent sequences cf. human. Conserved cysteines (see text) are boxed. Potential N-linked glycosylation sites at residues 94 (unique to rat) and 234 (conserved) are indicated by *. The predicted sequence terminates with a consensus endoplasmic reticulum-membrane retention motif, KKSE. The predicted transmembrane region (program TMPRED), which extends from residues 393 to 413, including a conserved lysine at 409, is italicised. Four tryptic peptide fragments obtained from MHC class I assembly complex immunoprecipitates, as described in the text, are underlined. Methods: Size-selected DA (RT1 av1 ) rat lymphoblast cDNA gt10 libraries 13 were screened with a 32 P-labelled 700 bp probe generated by PCR, using T3/T7 promoter primers, from mouse IMAGE consortium clone no. 391467 which displayed homology with human tapasin and corresponded to the 3Ј end of a tapasin cDNA. Positive plaques were subjected to PCR using gt10 forward and reverse primers. PCR products were hybridised with the mouse tapasin cDNA probe. Inserts were amplified by PCR using gt10 forward and reverse primers, ligated into pT7 (Novagen) and sequenced. Alignments were compared using UWGCG software.
terminus of the sequence. It is interesting to note that not only the IgC1-SET cysteine pair, but also the more Nterminal cysteines, appear to be conserved beyond mammals, in both birds (chicken tapasin genomic sequence accession no. AJ004999, 12 and bony fish (zebrafish tapasin cDNA accession no. AF137538, Sueltmann H and Klein J) when sequences are aligned (not shown). The prolinerich nature of tapasin is re-affirmed: of 48 prolines in the luminal part of rat tapasin, 42 are shared by both human and mouse, three by mouse alone and three by human alone.
We have previously reported the presence of a polypeptide of similar molecular mass in SDS-PAGE to human tapasin (Figure 2 ), which co-purified with TAP in digitonin lysates of rat C58 thymoma cells. 11 The mass spectra of peptides from in-gel tryptic digestions of this polypeptide failed to match anything in database searches, which we proposed was due to the absence of the rat sequence. We have now reanalysed the peptide mass spectra and compared them to the sequence of the predicted translation product of the cDNAs reported here. Four peptide species proved good matches to the predicted sequence (underlined in Figure 1 ). The matched peptides cover 25% of the predicted full length rat tapasin product. All the identified matches contain sequence differences compared to the corresponding Figure 2 SDS-PAGE analysis of rat TAP and associated polypeptides. C58 cells were lysed in digitonin and TAP complexes immunoisolated with an anti-TAP2 antiserum. Bands excised from the Coomassie Blue stained gel were digested in situ with trypsin and eluted peptides subjected to mass spectrometry. TAP, class I MHC and ERp57 have previously been characterised from this gel. 11 The band labelled 'putative rat tapasin' indicates the region from which peptides were analysed for identity with the sequence in Figure 1 . Methods: Purification of the TAP complex from digitonin lysates of the rat C58 cell line using affinity-purified antisera recognising rat TAP2, and MALDI mass spectrometry of peptides obtained from in-gel tryptic digests of excised Coomassie stained gel bands have been described previously. 11 human peptides which would influence peptide mass, thus explaining the failure of initial searches to identify the co-isolating band as rat tapasin.
To further characterise tapasin as part of the assembly pathway of rat class I MHC molecules we sought to identify its location on two-dimensional gels of radiolabelled TAP immunoprecipitates. Lymphoblasts from RT1 o stock rats were biosynthetically radiolabelled, lysed in digitonin buffer, and immunoprecipitated with antibodies recognising rat ␤2-microglobulin and TAP2. As shown in Figure 3b , anti-␤2microglobulin immunoprecipitates several class I MHC species, two of which correspond to the A1 o and A3 o molecules expressed in this rat strain (González A, Joly E, Butcher G et al, manuscript in preparation). These class I MHC molecules are also found in association with TAP (Figure 3c ). In addition, species identified as ERp57 and calreticulin are also associated and, as indicated by the arrowhead, a polypeptide bearing the correct molecular mass and predicted pI of 7.38 for rat tapasin. For comparison, a similar immunoprecipitation from the TAP-negative cell line T2 transfected with rat TAP1 was performed (Figure 3d ). In this cell line the HLA-A2 and-B51 class I alleles, along with ERp57 and calreticulin can be detected in association with TAP1. Identification of these species has been verified by a combination of peptide mass spectrometry and immunoisolation with specific mAbs (S Powis, manuscript in preparation). The arrowhead in Figure 3d indicates human tapasin, which has a more acidic predicted pI of 6.53 compared to the rat sequence.
We have therefore isolated a cDNA for rat tapasin and confirmed its presence as a component of the rat TAP complex which we can now report as containing TAP, tapasin, calreticulin, ERp57 and class I MHC molecules. o con A lymphoblasts and 10 7 T2-rat TAP1 cells were labelled for 15 min with 3.7 MBq 35 S Translabel™ (ICN) and lysed in digitonin buffer (0.5% digitonin, 150 mm NaCl, 10 mm Tris pH 7.6, 1 mm PMSF). Immunoprecipitations were performed with 5 g of mouse monoclonal anti-rat ␤2-microglobulin antibody 4C9 14 or 5 g anti-rat TAP2 or TAP1 15 and Protein A or G Sepharose. Immunoprecipitates were analysed by two-dimensional electrophoresis using 5% ampholytes with a pI range of 3-10. The isoelectric points for rat and human tapasin were estimated using the program PROTPARAM after removal of the putative leader sequences. 4 
